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Triclinic, PI 
a = 8.9729 (1) A 
b = 10.3462 (1) A 
c = 11.0978 (2) A 
a = 91.027 (1)° 

= 112.142 (1)° 
Y = 96.920 (1)° 

Data collection 

Bruker SMART APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
{SADABS; Bruker, 2009) 
T^„ = 0.704, r„^^ = 0.746 



Refinement 

R[F^ > 2a(F^)] -- 
wR(F^) = 0.117 
S = 1.03 
4676 reflections 



0.042 



V = 945.09 (2) A" 
Z = 2 

Mo Ka radiation 
II = 0.19 mm"' 
r = 173 K 

0.45 X 0.24 X 0.12 mm 



17505 measured reflections 
4676 independent reflections 
3862 reflections with / > 2cr(/) 
Ri„, = 0.027 



237 parameters 

H-atom parameters constrained 
Ap„ax = 0.27 e A"^ 
Ap„i„ = -0.36 e A"' 



Key indicators: single-crystal X-ray study; T = 1 73 K; mean fT(C-C} = 0.002 A; 
Rfactor = 0.042; wR factor = 0.117; data-to-parameter ratio = 19.7. 

In the title compound, C22H24O3S, the cyclohexyl ring adopts a 
chair conformation. The dihedral angle between the mean 
plane [r.m.s. deviation = 0.010 (1) A] of the benzofuran ring 
system and the benzene ring is 81.78 (4)°. In the crystal, 
molecules are linked via pairs of C— H- ■ -it interactions into 
inversion dimers. These dimers are further linked by C— 
H- • -JT interactions into supramolecular chains running along 
the £i-axis direction. In addition, C— H- ■ O hydrogen bonds 
are observed between inversion-related dimers. 

Related literature 

For background information and the crystal structures of 
related compounds, see: Choi et al. (2011, 2012a,b). 



Table 1 

Hydrogen-bond geometry (A, °). 



Cgl and Cg2 are the centroids of the C2-C7 benzene ring and the C1/C2/C7/ 
01/C8 furan ring, respectively 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


C17-H17-02' 


0.95 


2.55 


3.415 (2) 


151 


C13-H13B-Cgl" 


0.99 


2.83 


3.670 (2) 


143 


C19-H19- ■ -CgT" 


0.95 


2.85 


3.705 (2) 


150 


Symmetry codes: (i) 


— X -h 1, —v. — z 


+ 1; (ii) -x-l- 1, -y- 




X — 1. y, z. 



Data collection: APEX2 (Bruker, 2009): cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 for Windows (Farrugia, 2012) and DIAMOND (Bran- 
denburg, 1998); software used to prepare material for publication: 
SHELXL97. 




Experimental 

Crystal data 
C22H24O3S 



Supporting information for this paper is available from the lUCr 
electronic archives (Reference: KJ2238). 
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5-Cyclohexyl-2-methyl-3-(3-methylphenylsulfonyl)-l-benzofuran 
Hong Dae Choi^ Pil Ja Seo and Uk Lee 

1 . Comment 

As a part of our continuing study of 5-cyclohexyl-2 -methyl- 1-benzofuran derivatives containing 4-fluorophenylsulfonyl 
(Choi et al, 201 1), 4-bromophenylsulfonyl (Choi et al., 2012a) and 4-methylphenylsulfonyl (Choi et al, 20126) 
substituents in 3-position, we report here the crystal structure of the title compound. 

In the title molecule (Fig. 1), The cyclohexyl ring has a chair conformation. The benzofuran ring system is essentially 
planar, with a mean deviation of 0.010 (1) A from the least-squares plane defined by the nine constituent atoms. The 3- 
methylphenyl ring is essentially planar, with a mean deviation of 0.005 (1) A from the least-squares plane defined by the 
six constituent atoms. The dihedral angle formed by the benzofuran ring system and the 3-methylphenyl ring is 81.78 
(4)°. In the crystal structure (Fig. 2), molecules are connected by pairs of C — Yi - n interactions into inversion dimers 
(Table 1; Cgl is the centroid of the C1/C2/C7/01/C8 furan ring). These dimers are further linked by C — H---7r interactions 
into supramolecular chains running along the ft-axis (Table 1; Cg2 is the centroid of the C2-C7 benzene ring). In 
addition, there are C-H— O hydrogen bonds (Table 1), resulting in inversion-related dimers. 

2. Experimental 

3-Chloroperoxybenzoic acid (77%, 448 mg, 2.0 mmol) was added in small portions to a stirred solution of 5-cyclo- 
hexyl-2-methyl-3-(3-methylphenylsulfanyl)-l-benzofuran (302 mg, 0.9 mmol) in dichloromethane (40 mL) at 273 K. 
After being stirred at room temperature for lOh, the mixture was washed with saturated sodium bicarbonate solution and 
the organic layer was separated, dried over magnesium sulfate, filtered and concentrated at reduced pressure. The residue 
was purified by column chromatography (hexane-ethyl acetate, 4: 1 v/v) to afford the title compound as a colorless solid 
[yield 73%, m.p. 428^29 K; Rf= 0.57 (hexane-ethyl acetate, 4:1 v/v)]. Single crystals suitable for X-ray diffraction were 
prepared by slow vaporation of a solution of the title compound in benzene at room temperature. 

3. Refinement 

All H atoms were positioned geometrically and refined using a riding model, with C — H = 0.95 A for aryl, 1 .00 A for 
methine, 0.99 A for methylene and 0.98 A for methyl H atoms, respectively. U\so (H) = 1.2^;^ (C) for aryl, methine and 
methylene, and 1 .5 (C) for methyl H atoms. The positions of methyl hydrogens were optimized rotationally. 
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Figure 1 

The molecular structure of the title compound with the atom numbering scheme. Displacement ellipsoids are drawn at the 
50% probability level. H atoms are presented as small spheres of arbitrary radius. 
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Cg2 



Figure 2 

A view of the C — H- - 0 and C — H - ti hydrogen bonds (dotted Hnes) in the crystal structure of the title compound. H 
atoms non-participating in hydrogen-bonding were omitted for clarity. [Symmetry codes : (i) - x + I, - y, - z + I; (ii) - x + 
1, - j + 1, - z+ 1; (iii)x - l,y,z; (iv)x+ \,y, z.] 

5-Cyclohexyl-2-methyl-3-(3-methylphenylsulfonyl)-1-benzofuran 



Crystal data 

C22H24O3S 
M, = 368.47 
Triclinic, PI 
Hall symbol: -P 1 
0 = 8.9729 (1) A 

10.3462(1) A 
c= 11.0978 (2) A 
a = 91.027 (1)° 
yff= 112.142(1)° 
y = 96.920(1)° 
F= 945.09 (2) A3 



Z=2 

F(000) = 392 
Z),= 1.295 Mgm-3 
Melting point = 428^29 K 
Mo Ka radiation, 1 = 0.71073 A 
Cell parameters from 64 1 3 reflections 
(9 = 2.5-28.0° 
= 0.19 mm ' 
r= 173 K 
Block, colourless 
0.45 X 0.24 X 0.12 mm 
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Data collection 

Bruker SMART APEXII CCD 

diffractometer 
Radiation source: rotating anode 
Graphite multilayer monochromator 
Detector resolution: 10.0 pixels mm"' 
(p and CO scans 

Absorption correction: multi-scan 

(SADABS; Bruker, 2009) 
7^ = 0.704,7;^ = 0.746 

Refinement 

Refinement on 
Least-squares matrix: full 
R[I^ > 2(7(7^)] = 0.042 
w7?(7^) = 0.117 
S= 1.03 
4676 reflections 
237 parameters 
0 restraints 

Primary atom site location: structure-invariant 
direct methods 

Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 

Refinement. Refinement of against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F^, 

conventional R- factors R are based on F, with F set to zero for negative F^. The threshold expression of F^ > 2sigma(F^) is 
used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based 
on F^ are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 


^iso ' ^-'eq 


SI 


0.35800 (4) 


0.03292 (4) 


0.20843 (3) 


0.02902 (11) 


01 


0.55693 (14) 


0.33589 (12) 


0.08723 (11) 


0.0373 (3) 


02 


0.46948 (14) 


-0.02883 (11) 


0.31363 (10) 


0.0359 (3) 


03 


0.27359 (15) 


-0.03917 (11) 


0.08444(11) 


0.0405 (3) 


CI 


0.46417(18) 


0.17522 (15) 


0.18450 (14) 


0.0290 (3) 


C2 


0.57504 (17) 


0.26991 (14) 


0.28633 (14) 


0.0275 (3) 


C3 


0.63168(17) 


0.28333 (14) 


0.42235 (14) 


0.0279 (3) 


H3 


0.5980 


0.2181 


0.4694 


0.033* 


C4 


0.73853 (18) 


0.39425 (15) 


0.48773 (15) 


0.0299 (3) 


C5 


0.78770(19) 


0.48851 (16) 


0.41575 (16) 


0.0369 (4) 


H5 


0.8608 


0.5636 


0.4613 


0.044* 


C6 


0.7337 (2) 


0.47625 (17) 


0.28097 (17) 


0.0389 (4) 


H6 


0.7682 


0.5404 


0.2333 


0.047* 


C7 


0.62752 (19) 


0.36615 (16) 


0.22028 (15) 


0.0327 (3) 


C8 


0.45740 (19) 


0.22001 (16) 


0.06823 (15) 


0.0338 (3) 


C9 


0.79994(18) 


0.41730(15) 


0.63454 (14) 


0.0310(3) 



17505 measured reflections 
4676 independent reflections 
3862 reflections with 7 > 2(7(7) 
7?i„t = 0.027 

^max = 28.4°, 6'nim = 2.0° 

A = -ll^ll 
A: = -13^13 
/ = -14^14 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: difference Fourier map 

H-atom parameters constrained 

w = 1/[(t2(F„2^ + (0.0576P)2 + 0.34547^] 

where /' = (7^o2 + 27^/)/3 
(A/(7)^< 0.001 
Kpm^ = 0.27 e A-3 
Apmn = -0.36 e A"' 
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Atomic displacement parameters (A^) 
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0.9500 


/~lO 1 TTO 1 

C21 — ^H21 




A A^AA 

0.9500 


C4— C5 




1.405 (2) 


y^OO TTOO A 

Czz — HzzA 




A AOAA 

0.9800 


C4— C9 




1.M4 (Z) 


/^OO "LJOO"D 

Czz — HzzB 




A AOAA 

0.9800 


C5— C6 




1.386 (2) 


/~^0 0 TTOO/~^ 

C22 — H22C 




A AOAA 

0.9800 


C5— H5 




0.9500 


Cll — C12 




1.504 (3) 


C6— C7 




1.373 (2) 


TT11A 

Cll — HUA 




A AAAA 

0.9900 


C6— H6 




0.9500 


Cll — HUB 




A AAAA 

0.9900 


C8— C15 




1 /I o o /o \ 

1.488 (2) 


C12 — C13 




1 CAT /IN 

1.507 (3) 


C9— CIO 




1.516 (2) 


C12 — H12A 




0.9900 


C9— C14 


1.519 (2) 


/-I -t r\ TT 1 OTJ 

C12 — ^H12B 




A AAAA 

0.9900 


C9— H9 




1.0000 


C13— C14 




1.533 (3) 


CIO— Cll 


1.526 (2) 


C13— H13A 




0.9900 


CIO— HlOA 


0.9900 


C13 — H13B 




A AAAA 

0.9900 


CIO— HlOB 


A AAAA 

0.9900 


Ci4 — H14A 




A AAAA 

0.9900 


C15— H15A 


A AOAA 

0.9500 


Ci4 — H14B 




0.9900 


C15— H15B 


A AOAA 

0.9800 








03— SI— 02 


119.03 (7) 


C17— C16— C21 




121.58(15) 


03— SI— CI 


108.30 (7) 


C17— C16— SI 




119.06(11) 


02— Sl- 


-CI 


107.58 (7) 


C21— C16— SI 




119.36(12) 


03— Sl- 


-C16 


108.82 (7) 


C16— C17— C18 




119.96(13) 


02— SI- 


-C16 


107.73 (7) 


C16— C17— H17 




120.0 
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CI — SI — Clo 


1 A /I ^1 /'7\ 

104.43 (7) 


/^10 TT1T 

C 1 6 — C 1 7 — H 1 7 


1 ^A A 

120.0 


C8 — Ol — C7 


106.82 (12) 


C17 — C18 — C19 


1 1 O A A i \ Z\ 

118.09 (15) 


C8 — CI — C2 


107.39 (14) 


C 1 7 — C 1 6 — C22 


1 1 A OH /I A\ 

119.86 (14) 


C8 — CI — SI 


126.89 (12) 


Ciy — Clo — C22 


1 AC /I C\ 

122.05 (15) 


Cz — CI — SI 


125.71 (11) 


C20 — C 1 y — C 1 8 


1 O 1 CO /I 

121.58 (16) 


C7 — C2 — C3 


119.35 (14) 


/- ■> /••» 1 A TT1 A 

C20 — C19 — HI 9 


119.2 


C7 — C2 — CI 


104.61 (13) 


/~110 1 A TT1 A 

C18 — C19 — H19 


1 1 A 

119.2 


C3 — C2 — CI 


IT/' AT /l/IX 

136.03 (14) 


C 1 9 — C20 — C2 1 


1 A y1 A /I CN 

120.49 (15) 


C4 — C3 — Cz 


1 1 o '~ic\ ^ \ A\ 

118.79 (14) 


C ' 1 i\ /^'lA TTTA 

Cly — C20 — H20 


1 1 A O 

119.8 


C4 — C3 — H3 


120.6 


/^■^i TyiA 

C21 — C20 — H20 


119.8 


f~^'^ i^'^ yy^ 

C2 — C3 — H3 


120.6 


C20 — C21 — C16 


1 1 O ^A /I C\ 

118.29 (15) 


C3 — C4 — C5 


11AOO 

119.38 (14) 


C20 — C2 1 — H2 1 


120.9 


C3 — C4 — C9 


121.55 (14) 


Clo — C21 — H21 


1 '^A A 

120.9 


C5 — C4 — C9 


1 1 A A/' /I /t \ 

119.06 (14) 


C 1 8 — C22 — H22 A 


1 AA C 

109.5 


Co — C5 — C4 


122.58 (15) 


C 1 8 — C22 — H22B 


109.5 


C6 — C5 — H5 


118.7 


H22A — C22 — H22B 


109.5 


C4 — C5 — H5 


118.7 


C 1 0 — C22 — H22C 


1 AA C 

109.5 


C7 — Co — C5 


1 1 Z" ^A /I C\ 

116.20 (15) 


H22A — C22 — H22C 


1 AA C 

109.5 


C7 — Co — H6 


121.9 


H22B — C22 — H22C 


109.5 


r^z TT^ 

C5 — Co — ^Ho 


1 1 A 

121. y 


C12 — Cll — CIO 


111 1 /I C\ 

111.21 (15) 


r^c f^n r\\ 
Co — C / — Ui 


IzD.o/ (iDj 


C12 — Cll — xlllA 


1 AA A 

ioy.4 


Co — C7 — C2 


123.70 (15) 


/~i 1 r» TT11A 

CIO — Cll — ^HllA 


1 AA A 

109.4 


/""T 

Ol — C7 — C2 


110.63 (14) 


C12 — Cll — HUB 


109.4 


Cl — Co — Ol 


11A C C 

110.55 (14) 


CIO — Cll — HUB 


1 AA A 

109.4 


r^o e~^-\ c 

Cl — Co — C15 


134.82 (16) 


TT1 1 A 1 1 TT1 1 Tl 

HllA — Cll — ^HllB 


1 AO A 

108.0 


01 — C8 — C15 


114.63 (14) 


Cll — C12 — C13 


111 f\r\ /I ^\ 

111.00 (16) 


C4 — C9 — CIO 


113.42 (13) 


Cll — C12 — H12A 


109.4 


C4 — C9 — C14 


112.13 (13) 


C13 — C12 — H12A 


1 AA A 

109.4 


CIO — C9 — C14 


1 1 A 1 A / 1 C\ 

110.10 (15) 


Cll — C12 — H12B 


1 AA A 

109.4 


C4 — C9 — H9 


106.9 


C13 — C12 — H12B 


109.4 


CIO — C9 — H9 


106.9 


H12A — C12 — H12B 


108.0 


C14 — Cy — ^H9 


106.9 


^i'^ /"iiT /"'i/i 
C12 — C13 — C14 


111 oo /I '7\ 

111.88 (17) 


C9 — CIO — Cll 


111 c\c yi A\ 

111.95 (14) 


C12 — Cl 3 — H13A 


1 AA 

109.2 


C9 — CIO — HlOA 


109.2 


C14 — C13 — HI 3 A 


109.2 


Cll — CIO — HlOA 


109.2 


C12 — C13 — H13B 


109.2 


C9 — CIO — HlOB 


1 AA 

109.2 


C14 — C13 — H13B 


1 AA 

109.2 


/—I 1 1 /~i 1 r\ T T 1 ATI 

Cll — CIO — HlOB 


109.2 


T T 1 1 A IT T T 1 O T> 

H13A — C13 — H13B 


107.9 


T T 1 A A /" 1 A T T 1 An 

HlOA — CIO — HlOB 


107.9 


C9 — C14 — C13 


111 A / 1 C\ 

111.20 (15) 


C8— C15— H15A 


109.5 


C9— C14— H14A 


109.4 


C8— C15— H15B 


109.5 


C13— C14— H14A 


109.4 


TT1 C A 1 C TT1 CTi 

H 1 5 A — C 1 5 — H 1 5B 


1 AA Z 

109.5 


/"'A 1 /I TT1 /IT~> 

C9 — C 1 4 — H 1 4B 


1 AA A 

109.4 


C8 — C15 — H15C 


1 AA C 

109.5 


C13 — C14 — H14B 


1 AA A 

109.4 


TT1 C A 1 C TT1 

H15A — C15 — H15C 


1 AA C 

109.5 


TT1 A A 1 A TT1 /IT> 

H14A — C14 — H14B 


1 AO A 

108.0 


HlDB — Cl J — HI DC 


1 Afi C 

1U9.5 






03— SI— Cl— C8 


6.42 (17) 


C7— Ol— C8— C15 


178.75 (14) 


02— SI— Cl— C8 


136.29 (14) 


C3— C4— C9— CIO 


46.6 (2) 


C16— SI— Cl— C8 


-109.42 (15) 


C5— C4— C9— CIO 


-134.85 (16 


03— SI— Cl— C2 


-174.83 (12) 


C3— C4— C9— C14 


-78.8 (2) 
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02- 


-Sl— Cl- 


-LI 


-44.96 (15) 


c A /^A 1 A 

C5 — C4 — L9 — C14 


AA /zn /I A\ 

99.67 (19) 


C16- 


— SI— Cl- 


— C2 


69.33 (14) 


/^A /^1A /^11 

C4 — C9 — C 1 0 — C 1 1 


1 nn Ti / ^ A\ 

111 Ji (14) 


C8— CI— C2- 


-L7 


—0.28 (16) 


^lyl /~*A /~11A 1 1 

C14 — C9 — CIO — Cll 


—55.7 (2) 


0 1 — 


-Cl— C2- 


-L7 


—179.24 (12) 


03 — SI — C16 — C17 


146.24 (12) 


V. 0 — 


-Cl— C2- 


-C3 


178.68 (17) 


02 — b 1 — C 1 6 — C 1 7 


1CA1 / ^ A\ 

15.91 (14) 


0 1 — 


-Cl— C2- 


-C3 


A 1 /I \ 

-0.3 (3) 


Cl — bl — CI6 — C17 


AO 10 /11\ 

—98.28 (13) 


CI 


-C2— C3- 


-C4 


0.6 (2) 


03 — SI — C 1 6 — C2 1 


A ^0 / ^ A\ 

—34.28 (14) 


\^ i — 


-C2— C3- 


-C4 


—178.23 (16) 


(J2 — ^ 1 — L 1 6 — C2 1 


— 164.62 (12) 


v^z — 


-C3— C4- 


-C5 


-0.7 (2) 


Cl — SI — Clo — Czl 


01 1A/11\ 

81. ly (13) 


Cl 


-C3— C4- 


-C9 


1 TT 00 / 1 1 \ 

177.82 (13) 


/^■ii /~^i/:r /^io 

C2 1 — C 1 6 — C 1 7 — C 1 8 


A 0 

—0.8 (2) 




-C4— C5— C6 


0.2 (2) 


SI — C16 — C17 — C18 


1 no 

178.65 (11) 


CQ 


-C4— C5- 


-C6 


1 TO 1/1/1 ^\ 

-178.34 (15) 


C16 — C17 — C18 — C19 


A 1 

-0.3 (2) 


C4- 


-C5— C6— C7 


A /I /1\ 

0.4 (3) 


C 1 6 — C 1 / — C 1 0 — C22 


1 /y.3 / (Id) 


C5- 


-C6— C7- 


-01 


iiti.n (15) 


/^IT f~^tO /"'lA 

C 1 7 — C 1 8 — C 1 9 — C20 


1 1 /i\ 

1.1 (3) 


C5- 


-C6— C7- 


-C2 


-0.4 (2) 


C22 — C 1 8 — C 1 9 — C20 


1 TO CO /I TX 

-178.58 (17) 


C8- 


-01— C7- 


-C6 


-178.71 (16) 


C 1 8 — C 1 y — C2U — Cz 1 


A 0 /I \ 

—0.8 (3) 


C8- 


-01— C7- 


-C2 


0.5o (1 /) 


/^in /^'lA /^Ti r^i/c 

ciy — Czu — Czi — clo 


A 1 /1\ 

-0.3 (3) 


C3- 


-C2— C7- 


-C6 


A A 

0.0 (2) 


C 1 7 — C 1 6 — Cz 1 — CzU 


1.1 (2) 


Cl- 


-C2— C7- 


-C6 


1 TA 11 / 1 C\ 

179.13 (15) 


C 1 1 /~11 1 A 

S 1 — C 1 6 — C2 1 — C20 


ITO 1C /1'1\ 

-178.35 (12) 


C3- 


-C2— C7- 


-01 


1 TA T C /'ITS 

—1 /9.35 (13) 


/^A /^1A 

C9 — CIO — Cll — Clz 


56.2 (2) 


Cl— C2— C7- 


-01 


-0.18 (17) 


CIO— Cll— 012— C13 


-55.2 (2) 


C2- 


-Cl— C8- 


-01 


0.66 (17) 


Cll— C12— C13— C14 


55.2 (2) 


Sl- 


-Cl— C8- 


-01 


179.60(11) 


C4— C9— C14— C13 


-177.83 (18) 


C2- 


-Cl— C8- 


-C15 


-178.72 (18) 


CIO— C9— C14— C13 


54.9 (2) 


Sl- 


-Cl— C8- 


-C15 


0.2 (3) 


C12— C13— C14— C9 


-55.4 (3) 



C7— 01— C8— Cl -0.77 (17) 



Hydrogen-bond geometry (A, °) 










Cgl and Cg2 are the centroids of the C2-C7 benzene ring 


; and the C1/C2/C7/01/C8 furan ring, respectively 






D—R-A 


D— H 




D-A 


D—n-A 


C17— H17-02' 


0.95 


2.55 


3.415 (2) 


151 


C13— H135-Cgl" 


0.99 


2.83 


3.670 (2) 


143 


C19— H19-Cg2'" 


0.95 


2.85 


3.705 (2) 


150 



Symmetry codes: (i) -x+1, -y, -z+1; (ii) -x+l, -y+l, -z+1; (m)x-l,y,z. 
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